We designed a factorial, randomized, double-blinded, 2 ϫ 2 placebo-controlled trial to evaluate the effects of treatment with pioglitazone and/or fenofibrate in patients with highly active antiretroviral therapy (HAART)-induced metabolic syndrome. We found that the administration of pioglitazone, but not fenofibrate, improved insulin resistance, blood pressure, and lipid profile over a 12-month period.
HAART leads to profound and sustained suppression of HIV-1 replication, but it also results in the development of a metabolic syndrome, which confers an increased risk for developing premature atherosclerotic cardiovascular disease [1] . Pioglitazone, 1 of the 2 thiazolidinediones that are currently available, improves insulin resistance and has a more favorable effect on lipid profile than does rosiglitazone in non-HIV-infected patients with diabetes [2] . Although a few studies on the role of rosiglitazone in HAART-induced metabolic syndrome have been published [3] [4] [5] [6] , no randomized, placebo-controlled studies of the use of pioglitazone have been published. In addition, although open-label, uncontrolled studies have reported that fenofibrate, a fibric acid derivative, improves dyslipidemia and hyperglycemia in patients with HAART-induced metabolic syndrome [7] [8] [9] [10] , no randomized trials have been published to date.
Study design. We designed a factorial, randomized, 2 ϫ 2 double-blinded, placebo-controlled study to evaluate the effect of pioglitazone and fenofibrate administration for 1 year in patients who developed metabolic abnormalities after starting HAART. Patients were у18 years old, had at least 6 months of cumulative exposure to any antiretroviral regimen, and had developed either (1) insulin resistance (fasting serum insulin level, у20 mU/mL) or impaired glucose tolerance or type 2 diabetes and (2) dyslipidemia (fasting triglyceride level, у300 mg/dL, and/or low-density lipoprotein [LDL] cholesterol level, у130 mg/dL) after starting HAART. Receipt of antihyperglycemic or hypolipidemic medications was stopped, and subjects were instructed to follow the American Heart Association Step II diet and to keep their exercise patterns stable throughout the study. All subjects received placebo therapy during the 1-month run-in phase, and treatment-compliant subjects were then randomized, using a factorial design, to 1 of the 4 2 ϫ 2 treatment groups (figure 1). If hyperglycemia persisted after at least 1 month of receipt of the study medications, the dosage of pioglitazone (or its corresponding placebo) was increased from 30 mg/day-the dosage at baseline-to a maximum of 45 mg/day (in 2 subjects); the fenofibrate dosage remained 200 mg/day throughout the study. During the 12-month interventional phase, subjects were evaluated monthly for their compliance with the regimens and for the safety of the regimens. Efficacy assessment visits were completed at baseline and then 3 months and 12 months after randomization. A formal pill count was performed every 3 months.
We evaluated the effect of each study medication separately by comparing the patients who were taking active pioglitazone with patients who were taking the corresponding placebo and by comparing patients who were taking active fenofibrate with patients who were taking the corresponding placebo. We used the Wilcoxon signed rank test (with SPSS software, version 11.0; SPSS) to compare selected metabolic and lipid values at baseline with the levels that were obtained at months 3 and 12. All tests were 2-tailed, and the statistical significance was set at the level. We report only the results of intention-to-treat P ! .05 analysis; on-treatment analysis provided similar results.
Results. According to the factorial design, of the 14 2 ϫ 2 subjects who were randomized to receive treatment, 7 subjects received active pioglitazone and 7 received the corresponding placebo, whereas 6 subjects received active fenofibrate and 8 received the corresponding placebo (figure 1). The study group a One subject discontinued study treatment at month 3 because of personal reasons. b One subject took HIV medications intermittently and discontinued study treatment at month 3 because of decreased platelet count, which was subsequently normalized. One subject discontinued study treatment at month 3 because of increased alanine aminotransferase and aspartate aminotransferase levels (ALT/AST) of 3 times the upper limit of normal; the subject was asymptomatic, and the results of his tests normalized after the discontinuation of treatment.
d One subject discontinued study treatment at month 9 because of weight-gain concerns.
e One subject discontinued study treatment at month 2 for personal reasons.
included 13 men and 1 woman, with a mean age (‫ע‬SD) of years. Five subjects had mixed-fat redistribution, 5 48 ‫ע‬ 8.6 subjects had fat accumulation, 3 subjects had fat wasting, and 1 subject did not have any fat redistribution; there was no significant difference in the number of subjects with the different types of fat redistribution among the treatment groups. Six subjects received a diagnosis of diabetes, 1 had impaired fasting glucose levels, and 7 had insulin resistance at baseline; there was no significant difference in the distribution of subjects with these characteristics among the treatment groups.
The mean duration of HIV infection (‫ע‬SD) was 10.1 ‫ע‬ years. At baseline, all subjects were taking nucleoside re-3.2 verse-transcriptase inhibitors (NRTIs), 50% were taking protease inhibitors (PIs), and 43% were taking nonnucleoside reverse-transcriptase inhibitors (NNRTIs). There was no significant difference in the number of PIs, NRTIs, or NNRTIs that were being received, as well as viral load and CD4 count, between the groups at baseline. The mean CD4 count (‫ע‬SD) decreased significantly during the study ( cells/ 575.3 ‫ע‬ 394.2 mL at month 0 vs. cells/mL at month 12; 503.8 ‫ע‬ 359.6 P p ), but mean viral loads did not change. No new opportunistic .04 infections were diagnosed during the study.
Pioglitazone treatment versus placebo treatment. The characteristics at baseline did not differ between the subjects taking pioglitazone and the subjects taking the corresponding placebo. Mean insulin resistance index values (homeostasis model assessment [HOMA-IR] and quantitative insulin sensitivity check index [QUICKI] ) and fasting insulin levels improved significantly during the 12-month study period in the pioglitazone group but not in the placebo group. Pioglitazone treatment also tended to decrease fasting glucose levels. In accordance with these findings, mean adiponectin levels increased significantly after the administration of pioglitazone (table 1) . The mean systolic blood pressure decreased by ∼10% (P p ), and diastolic blood pressure also tended to decrease .03 ( ) after 12 months of pioglitazone therapy (table 1) .
The mean fasting triglyceride levels decreased by 27.5% during the 12-month study period in the pioglitazone group but not in the placebo group (table 1) . We found an increase that was of borderline significance in the mean high-density lipoprotein (HDL) cholesterol level after 12 months of pioglitazone therapy ( ), although the mean HDL cholesterol level P p .06 decreased with placebo treatment ( ). Therefore, after P p .05 we adjusted for the decrease in the mean HDL cholesterol level in the placebo group, the increase in the mean HDL cholesterol level with pioglitazone treatment became statistically significant and was 27% at month 3 ( ) and 40.5% at month 12 P p .03 ( ). The increase in the mean LDL cholesterol level with P p .01 pioglitazone treatment was of borderline significance at month 12 ( ), but there was no significant change noted in the P p .07 mean LDL cholesterol level in the placebo group. We found no changes in the mean total cholesterol, apolipoprotein A, apolipoprotein B, or fasting free fatty acid levels in either the active pioglitazone or placebo groups. Nuclear magnetic resonance lipid analysis showed that the mean LDL particle size (‫ע‬SEM) tended to increase after pioglitazone treatment ( nm at baseline vs. nm at month 3; 19.9 ‫ע‬ 0.4 20.5 ‫ע‬ 0.4 for month 3 vs. baseline; and nm at month P p .06 20.6 ‫ע‬ 0.3 12;
for month 12 vs. baseline). Weight, body mass P p .06 index, total fat mass, and trunk fat mass tended to increase, and the mean waist circumference and abdominal skin-fold thickness increased significantly during 12 months in the pioglitazone group (table 1) .
Fenofibrate treatment versus placebo treatment. 1.10) or the corresponding placebo group. In addition, no improvement in mean total, LDL, and HDL cholesterol levels, apolipoprotein A and B levels, or fasting free fatty acid levels were observed. Neither fenofibrate nor placebo treatment changed blood pressure significantly.
The mean rates of treatment compliance (‫ע‬SD) were 91.6% ‫ע‬ 10.3% of prescribed pills among patients in the pioglitazone/corresponding placebo group and of 89.2% ‫ע‬ 10.7% prescribed pills among patients in the fenofibrate/corresponding placebo group. We found no significant difference in compliance rates between the groups receiving active medications and the groups receiving a corresponding placebo or between subjects who completed therapy and subjects who did not. One subject who received the corresponding placebo for both of the study medications stopped participation in the study before the first outcome-assessment visit (month 3); 1 patient in each of the 4 treatment groups stopped participation in the study after the visit at month 3 ( figure 1) . Importantly, the data from month 3 (when only 1 subject who was receiving placebo stopped participation) are almost identical to the data from month 12 , indicating that the dropout rate had no significant effect on the study outcomes, as is formally shown in the intention-to-treat and on-treatment analyses.
Discussion. On the basis of our randomized, placebo-controlled study, we report, for the first time, that treatment with pioglitazone during a 1-year period increases serum adiponectin levels and is as efficacious as treatment with rosiglitazone in improving insulin resistance in patients with HAARTinduced metabolic syndrome. It also appears to have morefavorable effects on the blood pressure and lipid profile of such patients than does rosiglitazone. The effect of pioglitazone on insulin resistance may be mediated, at least in part, by the increase in adiponectin levels.
In contrast to the previous open-label study to evaluate pioglitazone therapy among 11 HIV-positive patients receiving HAART [11] , we found that, consistent with the effects seen in non-HIV-infected subjects with diabetes, pioglitazone improves insulin resistance and favorably affects the lipid profile by decreasing triglyceride levels and increasing HDL cholesterol levels. In addition, although LDL cholesterol levels tended to increase, the LDL particle size tended to increase, too, which resulted in lower levels of atherogenic LDL cholesterol. In contrast, rosiglitazone increased cholesterol and triglyceride levels. However, conflicting, yet limited, data exist on the effect of these 2 medications on the body composition of patients who are receiving antiretroviral therapy [3] [4] [5] [6] . We also report, for the first time, that, in agreement with data from rodent studies [12] , pioglitazone treatment improved blood pressure in subjects with HAART-induced metabolic syndrome.
We did not find any significant changes in the lipid profile, insulin resistance, or blood pressure in HIV-positive subjects after 12 months of fenofibrate treatment. Although previous open-label trials of HIV-positive patients who received fenofibrate showed significant reductions in serum triglyceride levels, the uncontrolled design of those studies could not exclude potential bias by changes in factors such as diet, exercise, or immune status. On the basis of our data, 600 subjects would be needed for a clinical trial to have 80% power to detect a significant difference in triglyceride levels, and 180 subjects would be needed to detect a significant difference in HOMA-IR values after the administration of fenofibrate.
In conclusion, pioglitazone is efficacious and well tolerated in the treatment of HAART-induced metabolic syndrome. Because pioglitazone has effects similar to those of rosiglitazone on insulin resistance and glucose metabolism, comparative studies of rosiglitazone are warranted to demonstrate whether pioglitazone has more beneficial effects on the lipid profile and hypertension. This would justify the preferential use of pioglitazone for HIV-positive subjects who develop HAARTinduced metabolic syndrome. Additional, larger studies to investigate the effect of fenofibrate in patients with higher triglyceride levels-possibly for each lipodystrophy subgroup separately-are also warranted, as are larger studies to investigate the role of treatment with pioglitazone in combination with fenofibrate.
